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(54) RARE EARTH PERMANENT MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the 
corrosion resistance by removing machined and 
denatured layers due to the machining of a rare earth 
permanent magnet. 

SOLUTION: Machined and denatufed layers 1, 4 due 
to machining are removed by the mechanical and 
chemical polishings and combination thereof. These 
layers 1 , 4 easy to rust are removed and the rare 
earth element content in a magnet surface layer is 
reduced to obtain a rare earth permanent magnet 
having a high corrosion resistance, without forming a 
protective film and the protective film is formed to 
obtain a rare earth permanent magnet having a very 
high corrosion resistance and adhesion strength. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]R-TM-B (at least one sort and at least one sort in a transition metal element of 
TMs among rare earth elements in which R contains Y.) In a rare earth permanent magnet 
which comprises a main phase which B has the presentation of boron and comprises ******, 
and a grain boundary phase which is rich in a rare earth element which exists between 
these main phases, A rare earth permanent magnet when using a 5-micrometer-deep 
magnetic layer as a magnet surface layer from the surface of a magnet from which some or 
all of damaged layers that is produced when machining this magnet was removed, and this 
damaged layer was removed, wherein X expressed with a lower type is in the range of 
0<=X<1. 

«5^ffi»tf>RS (BfF%) -11.8 

x= 

[Claim 2]The rare earth permanent magnet according to claim 1 , wherein said X is in the 
range of 0<=X<=0.6. 

[Claim 3]A rare earth permanent magnet given in any 1 paragraph of claims 1 thru/or 2, 

wherein removal of said damaged layer is made by mechanical polish. 

[Claim 4]A rare earth permanent magnet given in any 1 paragraph of claims 1 thru/or 2, 

wherein removal of said damaged layer is made by chemical polish. 

[Claim 5]A rare earth permanent magnet given in any 1 paragraph of claims 1 thru/or 2, 

wherein removal of said damaged layer is made with combination of mechanical polish and 

chemical polish. 

[Claim 6]A rare earth permanent magnet given in any 1 paragraph of claims 1 thru/or 5, 
wherein a protective film is formed on said magnet surface layer. 
[Claim 7]A rare earth permanent magnet given in any 1 paragraph of claims 1 thru/or 5, 
wherein said protective film is a 5-80-micrometer resin layer. 

[Claim 8]A rare earth permanent magnet given in any 1 paragraph of claims 1 thru/or 5, 
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wherein said protective film is a 1-80-micrometer plating film. 



[Translation done.] 



http://www4.ipdl. inpitgojp/cgi-bin/tran_web^^ 5/30/2008 



JP,09-270310,A [DETAILED DESCRIPTION] 



Page 1 of 14 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the rare earth permanent magnet which is 
excellent in corrosion resistance especially about the rare earth permanent magnet which 
has magnetic anisotropy. 
[0002] 

[Description of the Prior Art]Although the permanent magnet is broadly used from the 
peripheral equipment of the mainframe computer as the electrical and electric equipment or 
the charges of electronic-parts material, such as various electric products of an ordinary 
home, In particular, magnetic properties and the corrosion-resistant military requirement to 
a permanent magnet are high with the demand of the miniaturization of the computer in 
recent years, or an electric product, and highly-efficient-izing. 

[0003]although the rare earth permanent magnet which makes an R 2 TM 14 B phase a main 

phase also in a permanent magnet is excellent in magnetic properties, since the very 
activity rare earth element is contained to oxygen - dramatically - rust 1 am easy . 
[0004]As a factor which metal corrodes, although water and oxygen are mainly mentioned, 
among these when especially water exists, corrosion progresses easily. Therefore, it is 
considered to be an important technical problem of corrosion prevention to intercept 
moisture from a surface of metal. 

[0005]Then, in the conventional rare earth permanent magnet as the method of corrosion- 
resistant improvement, Electroless deposition or electrolytic plating which is indicated by 
JP, 3-7401 2, B, The resin paint by a spray method which is indicated by JP, 5-6322, B, or the 
resin paint by dip coating was performed, and the corrosion resistance of the grade which is 
intercepting moisture has been acquired from the magnet surface. When higher corrosion 
resistance is required, composite plating etc. which are indicated by JP, 6-231 927,A are 
performed. 

[0006]Generally, if a metallic material etc. are machined, in the surface of material, it is 
known that the damaged layer where the microstructure deteriorated under the influence of 
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machining will produce, but also in the case of a rare earth permanent magnet, a damaged 
layer produces on the magnet surface by machining. Laminate the thin film layer which 
contains many rare earth elements on the damaged layer of a rare earth permanent 
magnet on JP, 6-63086, B, and it heat-treats further, Preventing degradation of magnetic 
properties according a magnetic surface to a reforming layer, and nothing and a damaged 
layer by the diffusion reaction of a damaged layer and the thin film layer of a rare earth 
element is indicated. 
[0007] 

[Problem(s) to be Solved by the lnvention]Even if a protective film (a plating film, a resin 
layer) which is indicated by JP,3-74012,B, JP,5-6322,B, and JP,6-231927,B is formed in a 
magnet and it intercepts moisture from the magnet surface, When the damaged layer 
existed in the magnet surface, and a damaged layer corroded, corrosion resistance might 
fall. 

[0008]ln making a damaged layer into a reforming layer by the stress relief heat treatment 
which laminated the alloy thin film layer containing many rare earth elements as indicated 
by JP,6-63086,B, rust — I am easy - when many rare earth elements on a magnet surface 
existed, it becomes easy to generate rust, magnetic properties might fall, and the effect of 
recovery of the magnetic properties which are the original purposes might decrease. 
Although methods for forming thin film, such as vacuum deposition, ion sputtering, ion 
plating, an ion-vapor-deposition thin-film-forming method, and a plasma deposition thin-film- 
forming method, are used for covering of an alloy thin film layer, When using these 
methods, since expense started equipment and covering took time, there was a problem 
that a manufacturing cost rose. 

[0009]The damaged layer produced by machining is made paying attention to the situation 
where corrosion resistance is reduced, and an object of this invention is to provide the rare 
earth permanent magnet which is excellent in corrosion resistance by removing the 
damaged layer produced by machining. It aims at producing a crevice on the surface of a 
magnet, and raising the adhesion of a protective film according to an anchor effect by 
performing chemical polish when removing a damaged layer. 
[0010] 

[Means for Solving the Problem]Such a purpose is attained by this invention of following the 
(1)-(8). 

[001 1](1) R-TM-B (at least one sort in a rare earth element containing Y of R.) In a rare 
earth permanent magnet which comprises a main phase which TM has at least one sort, 
and B has the presentation of boron among transition metal elements, and comprises 
******, and a grain boundary phase which is rich in a rare earth element which exists 
between these main phases, When using a 5-micrometer-deep magnetic layer as a magnet 
surface layer from the surface of a magnet from which some or all of damaged layers that is 
produced when machining this magnet was removed, and this damaged layer was 
removed, X expressed with a lower type is in the range of 0<=X<1 . 

http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww... 5/30/2008 



JP,09-270310,A [DETAILED DESCRIPTION] Page 3 of 14 

[0012] 

x= 

mi:9tfi®*m*?tmft<DRa a§c^%) -11. 8 

(2) Said X is in the range of 0<=X<=0.6. 

[0013](3) Removal of said damaged layer is made by mechanical polish. 

[0014](4) Removal of said damaged layer is made by chemical polish. 

[0015](5) Removal of said damaged layer is made with combination of mechanical polish 

and chemical polish. 

[0016](6) A protective film is formed on said magnet surface layer. 

[0017](7) Said protective film is characterized by being a 5-80-micrometer resin layer. 

[0018](8) Said protective film is characterized by being a 1-80-micrometer plating film. 

[0019] 

[Embodiment of the lnvention]First, the composition organization in a rare earth permanent 
magnet and its definition of this invention are described. 

[0020]The rare earth permanent magnet of this invention comprises a tetragonal compound 
phase which is a main phase, and another grain boundary phase. A tetragonal compound 
phase is an R 2 TM 14 B phase, and the grain boundary phase comprises an R rich phase 

etc. which are rich in a rare earth element. The grain boundary phase which the tetragonal 
compound phase which is a main phase has weak character, and is rich in a rare earth 
element has plasticity. 

[0021]Next, the definition of the "damaged layer" in the rare earth permanent magnet of this 
invention, "the portion except a damaged layer", and a "magnet surface layer" is described. 
[0022]Two kinds of "damaged layers" in this invention exists, and mainly the 1st. In the 
damaged layer ( drawing 1 (a)) that a weak main phase is broken when machining a rare 
earth permanent magnet into desired shape, and the grain boundary phases of the shape 
of a piece of phosphorus pushed and extended by the grain boundary phase which has 
plasticity pushing and extending it overlap. The 2nd is the damaged layer ( drawing 1 (b)) 
where the crack of a 10-micrometer order went into the main phase from a 0.1 -micrometer 
order, without extending a grain boundary phase not much. The damaged layer of drawing 
1_(a) is a damaged layer produced when there is comparatively much quantity of a grain 
boundary phase, and the damaged layer of drawing 1 (b) is a damaged layer produced 
when there is comparatively little quantity of a grain boundary phase. 
[0023]lt produces by machining, and specifically produces by the grinding process by 
cutting by peripheral cutting edge, saw edge, a multi-blade saw (band saw), etc., rotary 
grinding, etc., the perforating process by a drill, etc., and a damaged layer is a thing. 
[0024]Grinding fluid and dirt at the time of processing are contained in this damaged layer, 
and even if it washes these grinding fluids and dirt, removing thoroughly is difficult for them. 
Also in a rare earth permanent magnet, when a grain boundary phase like the rare earth 
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permanent magnet (it abbreviates to a rare earth hot-rolling magnet henceforth) produced 
by the method of casting / hot-rolling which is rich in a rare earth element is the magnet 
contained mostly, it is easy to produce a damaged layer like drawin g 1 (a). 
[0025]the SEM photograph shown in drawing 2 (a) is a surface photograph of the sample 
which carried out after-polish buffing of the rare earth hot-rolling magnet with emery paper, 
and bears magnetism — comparatively — rust — being hard — rich in a main phase and a 
rare earth element - extraordinary - rust - I am easy, although a grain boundary phase is 
discriminable, The SEM photograph shown in drawing 2 (b) is a surface photograph 
immediately after carrying out rotary grinding of the rare earth hot-rolling magnet with the 
grinding stone of #60, many grain boundary phases on the surface which carried out 
processing deterioration remain, and an organization like drawin g 2 (a) is not seen. 
[0026]ln the case of the rare earth permanent magnet (it abbreviates to a rare earth 
sintered magnet henceforth) by a sintering process, In order to raise magnetic properties, 
especially the residual magnetic flux density Br, there are many amounts of main phases 
compared with a rare earth hot-rolling magnet, The actual condition is that the amount of 
grain boundary phases has decreased, and, in the case of such a rare earth sintered 
magnet, the quantity of the grain boundary phase which exists in the damaged layer 
produced by machining decreases compared with a rare earth hot-rolling magnet, but even 
if it is such a damaged layer, it becomes a factor which reduces corrosion resistance, 
moreover — although a rare earth sintering permanent magnet may also make the amount 
of grain boundary phases increase for improvement in coercive force, or improvement in a 
mechanical strength — such a case — a rare earth hot-rolling magnet ~ the same - after 
machining — rust — I am easy — the damaged layer containing many grain boundary phases 
is formed. 

[0027]lf a damaged layer which was mentioned above exists, even if protective films, such 
as resin coating and plating, will be formed and it will intercept the moisture and oxygen 
from the external world, corrosion advances inside a protective film and sufficient corrosion 
resistance is not acquired. 

[0028]lf it is the magnet with which it is a magnet portion except a damaged layer, and the 
protective film is formed if "the portion except a damaged layer" in this invention is a 
magnet with which the protective film is not formed, it will be considered as the magnet 
portion except a protective film and a magnet surface layer. A damaged layer needs to 
conduct a component analysis about the portion except a damaged layer, in order to know 
a magnetic average presentation, since an organization is the specific portion which has 
deteriorated. 

[0029]Although the "magnet surface layer" in this invention shall express a 5-micrometer- 
deep magnetic layer from the magnet surface after removing a damaged layer, when using 
the magnet from which a damaged layer is not removed as comparison in an example, it 
shall express a 5-micrometer-deep magnetic layer from the surface of the magnet. The 
magnet surface layer was specified as 5 micrometers from the magnetic surface because it 
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became clear that the magnetic layer of this portion affects corrosion resistance most as a 
result of investigation. That is, the portion which gives **** to an above-mentioned definition 
and affects corrosion resistance most serves as a magnet surface layer. The presentation 
of a magnet surface layer can analyze the magnetic surface by analysis apparatus, such as 
an electron probe microanalyzer (EPMA), when the protective film is not formed. When the 
protective film is formed, after cutting a magnet at several arbitrary places, a component 
analysis is conducted about the magnetic layer of the range of about 5 micrometers from 
the interface of a protective film and a magnet, and it is investigated by asking for the 
average. 

[0030]Next, the definition of "X" in this invention and the desirable range of X are described. 
X is an index with which it is expressed with a lower type and the amount of R of a magnet 
surface layer expresses what quantity it is to the amount of R of ****** except a damaged 
layer. 
[0031] 

m&&mm<DR%L -n. 8 

x= 

utn:&nmz:m>fcmft<DRm (m^%) - n. 8 

11.8 in an upper type is the amount (atomic %) of R contained in a main phase 

(R/TIVL „B=R„„ 0 TM 00 ,B C A Investigation showed that there was an effect to corrosion- 

x 2 14 11.8 82.4 5.9' * 

resistant improvement with big decreasing the amount of R in a magnet surface layer. 
Since many R to a grain boundary phase is contained, in order to decrease R in a magnet 
surface layer, it is necessary to decrease the amount of grain boundary phases in a magnet 
surface layer. 

[0032]Then, mechanical polish, chemical polishes, and those combination remove the grain 
boundary phase on the surface of a magnet which exists between these damaged layers 
and main phases, especially -- the case of chemical polish rust, such as a damaged layer 
and a grain boundary phase, — I am easy — since it is large compared with mechanical 
polish, the quantity which it is possible to remove a portion preferentially and can be 
processed at once can reduce a manufacturing cost compared with mechanical polish, and 
there is an advantage which can be processed regardless of magnet shape further. Since 
removal is sometimes difficult only by chemical polish when a damaged layer is thick, it is 
desirable to perform mechanical polish in such a case, or to carry out to it combining 
mechanical polish and chemical polish. 

[0033]Corrosion resistance tends to improve and corrosion resistance of the value of X 
improves rapidly bordering on 1 especially, so that it is not concerned with the existence of 
a protective film but the value of X becomes small. In the value of X, the value of X follows 
0.6 on decreasing from 1 , corrosion resistance improves, and if the value of X is less than 
0.6, the effect of corrosion-resistant improvement will seldom be seen more. When the 
protective film is formed, the value of X also has the effect that adhesion improves rapidly 
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bordering on 1. Therefore, the range with a preferred value of X is 0.6 or less more 
preferably in less than one. X means that less than one has few amounts of R in a magnet 
surface layer compared with the amount of R of the portion except a damaged layer, i.e., a 
magnetic average portion. The minimum value of X is a time of the amount of R of a 
magnet surface layer becoming the lowest. When a phase with few amounts of R to a grain 
boundary phase than the amount of R contained in a main phase (R 2 TM 14 B phase), for 

example, alpha-Fe phase, an R 2 Fe i7 P hase » etc - exists » jt is possible that the minimum 

value of X becomes smaller than 0, but. Since good magnetic properties would not be 
acquired if alpha-Fe phase, an R 2 Fe 1? phase, etc. exist, in this invention, it was taken as 

the time of all grain boundary phases being removed that the amount of R of a magnet 
surface layer becomes the lowest. Therefore, the minimum value of the amount of R of a 
magnet surface layer is the amount of R of a main phase, i.e., 1 1 .8atom%, and X is set to 0 
in this case. Therefore, the range with a preferred value of X is 0<=X<1, and is 0<=X<=0.6 
more preferably. 

[0034]Since it becomes difficult to corrode even if it does not form a protective film when X 
is in the above-mentioned range, he does not want to form a protective film, but when 
saying that he would like to also secure corrosion resistance, it is effective, for example, 
use in a vacuum is mentioned. When using a magnet in a vacuum, since gas is emitted, a 
resin layer may not be preferred, and when there is a cycle of heating, a plating film may 
exfoliate and a plating film may not be preferred, either. 

[0035]Next, the desirable range of the kind of protective film and thickness is described. If 
the 1 less than value of X is especially in 0.6 or less range, very high corrosion resistance 
can be acquired by the resin coating and plating which are generally performed. It is difficult 
to acquire corrosion resistance sufficient at less than 5 micrometers in the case of a resin 
layer about thickness, there are few effects of corrosion-resistant improvement, and when 
80 micrometers is exceeded, it is difficult to acquire corrosion resistance sufficient in less 
than 1 micrometer, when [ beyond it ] dimensional accuracy worsens and is a plating film, 
when 80 micrometers is exceeded, there are few effects of the corrosion-resistant 
improvement beyond it like a resin layer, and dimensional accuracy worsens. Therefore, it 
is desirable for the thickness of a resin layer to be in the range of 5-80 micrometers, and, as 
for the thickness of a plating film, it is desirable that it is in the range of 1-80 micrometers. 
[0036]Next, the desirable composition range in the rare earth permanent magnet of this 
invention is described. 

[0037]As R, Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu are mentioned 
as a candidate, and use combining 1 of sorts of these, and two sorts or more. Since the 
highest magnetic properties are acquired by Nd and Pr, Pr, Nd, a Pr-Nd alloy, a Ce-Pr-Nd 
alloy, etc. are used practical. A little heavy rare earth elements, for example, Dy, Tb, etc. 
are effective in improvement in coercive force. 

[0038]lf coercive force sufficient by less than eight atom % is hard to be acquired and R 
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exceeds 25 atom %, the grain boundary phase which is a nonmagnetic phase will increase, 
and a residual magnetic flux density will serve as insufficient feeling. Therefore, the 
desirable content of R is 8-25atom%. 

[0039]B is an essential element for forming the R 2 ™14 B P hase which is a main phase, 

and by less than four atom %, since there is little quantity of a main phase and the residual 
magnetic flux density is low, high magnetic properties are not acquired, if ten atom % is 
exceeded — B — a rich nonmagnetic phase increases and a residual magnetic flux density 
becomes insufficient. Therefore, the desirable content of B is 4-10atom%. 
[0040]since a residual magnetic flux density becomes low, and coercive force will become 
insufficient about the amount of TMs if too large if it runs short - the desirable content of 
TM — 50-90atom% - it is 65-90atom% more preferably. As a TM, Fe is used in many 
cases. Co, nickel, etc. can replace the part. Although Fe site of a main phase is replaced 
that Co is effective in getting a Curie point, and fundamentally and an R 2 (Fe, Co) 14 B 

phase is formed, This compound has a small crystal anisotropy magnetic field, and since 
there is a tendency for a residual magnetic flux density to fall when the amount of 
substitution of Co increases, it is desirable 20% or less of substitution of Fe and to use 10% 
or less of substitution more preferably. Although nickel is effective in raising corrosion 
resistance, since there is a tendency for a residual magnetic flux density to fall when the 
amount of substitution of nickel increases, it is desirable to hold down to about 8% or less 
of substitution of Fe. 

[0041]Next, the removing method of the damaged layer carried out in this invention is 
described. In chemical polish, since etching is mainly used, suppose here that etching is 
mentioned to an example. 

[0042][l] Chemical polish (1) Become dirty and dropping dirt dropping, When machining a 
magnet, it carries out for the purpose of removal of the rust on the adhesives used when 
pasting up a magnet on a carbon plate etc., or the surface of a magnet, and is carried out 
by polish by the grinding stone or a buff, barrel finishing, shot blasting, honing, the brush 
cliff, etc. Thereby, the adhesives on the surface of a magnet, and rust and other dirt are 
removed. 

[0043](2) Solvent-degreasing solvent degreasing carries out for the purpose of removal of 
oil and fat, into solvents, such as trichloroethylene, perchloroethylene, and trichloroethane, 
carries out the spray of immersion or this solvent, and is performed. Thereby, the dirt of the 
organic system of press oil, cutting oil, slushing oil, etc. is removed. 
[0044](3) Performing alkaline-degreasing alkaline degreasing like solvent degreasing for 
the purpose of removing the dirt of the oil and fat on the surface of a magnet, degreasing in 
a solvent-degreasing process is preliminary degreasing, and degreasing in an alkaline- 
degreasing process is in charge of this degreasing. The ingredient of alkaline-degreasing 
liquid Sodium hydroxide, sodium carbonate, an orthosodium silicate, They are 1 I. 
(henceforth) of 10g / purity in total about at least one or more sorts in metasilicic acid 
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sodium, a sodium cyanide, and a chelating agent. If 1 I. of pure water is expressed as I at 
all, it is solution included 200 g/l or less, and degreasing is performed by immersing a 
magnet in the inside in which beyond ordinary temperature heated this at 90 ** or less. 
[0045](4) Etching etching is mainly performed by machining for the purpose of the removal 
of a damaged layer and the removal of the grain boundary phase on the surface of a 
magnet which were formed in the magnet surface, and the alkali coat produced with 
alkaline degreasing is also removed by this etching. Etching is solution which contains 
more preferably at least one or more sorts in nitric acid, chloride, sulfuric acid, formic acid, 
phosphoric acid, permanganic acid, oxalic acid, hydrofluoric acid, acetic acid, hydroxyacetic 
acid, and chloracetic acid 40 to 200 ml/I ten to 300 ml/I in total. 10-60 ** of magnets are 
more preferably immersed for this solution as a temperature of 15-40 **, and etching is 
performed by making a magnet rock if needed. The grain boundary phase which is easy to 
corrode is preferentially removed by this etching. Thereby, in the magnetic surface, a main 
phase appears, and the portion in which the grain boundary phase existed is removed, and 
serves as a crevice. Therefore, adhesion also improves according to an anchor effect with 
the corrosion-resistant improvement by the grain boundary phase which is easy to corrode 
being removed. 

[0046]Although at least one kind in the process of (1) - (3) is chosen before the process of 
(4) according to the quality and the degree of dirt on the surface of a magnet, it is desirable 
to carry out combining two or more kinds, and the processing time in each process can also 
be changed suitably. 

[0047]When etching after buffing of (1) is used for it since buffing indicated to (1) is one of 
the mechanical polishes described below, it serves as combination of chemical polish and 
mechanical polish. As for after the process of (3) and (4), fully rinsing is desirable. The 
water to be used has desirable pure water. 

[II] Mechanical polish mechanical polish is performed for the purpose of removal of a 
damaged layer like etching. After machinings (a grinding process, cutting, etc.) to which big 
stress is added, mechanical polish is performed and a damaged layer is removed. Under 
the present circumstances, the grain boundary phase which exists between main phases 
also has a portion removed mechanically. This is considered because the grain boundary 
phase is softer compared with a main phase. Therefore, compared with the portion except 
a damaged layer, the quantity of the presentation of a magnet surface layer of a rare earth 
element decreases. It is important to take care that a damaged layer does not newly occur 
in mechanical polish here. Specifically, buffing etc. are performed. Although a wet type and 
dry type are possible to buffing, since there is no corrosion according [ the direction of dry 
type ] to water, it is desirable. However, as for a magnet, since in a dry-type case there is a 
possibility that the magnet surface may oxidize when a magnetic temperature rises too 
much, it is desirable not to raise not less than 100 **. When fats and oils adhere by 
mechanical polish, it is possible to remove by (2) of [I] and the method of (3) which were 
mentioned above. 
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[0048]Next, the valuation method of corrosion resistance and adhesion is described. The 
valuation method of corrosion resistance and adhesion mainly those with two kind and the 
1st. After [ comparatively long ] carrying out time continuation and examining with a 
homoiothermal constant humidity chamber, there are a method of investigating appearance 
change and adhesion of a protective film, and a method of investigating appearance 
change and adhesion of a comparatively short time (for example, if it is conditions of 80 ** 
and 90%RH (relative humidity) about 100 hours) every protective film. The former valuation 
method is used in many cases, when getting to know the rough characteristic, and there is 
an advantage whose evaluation is comparatively possible for a short time. In the latter 
valuation method, corrosion resistance and adhesion can be investigated strictly. Corrosion 
resistance is the existence (in being changeful) of the appearance change (bulging, 
peeling, etc.) of protective films (a resin layer, a plating film, etc.) to the case of the former 
valuation method, or [ changing how much in area ] — expressing it investigates and 
evaluates in time which maintained the state by using as an excellent article the state 
where there is no appearance change of a protective film in the case of the latter valuation 
method. According to "JIS K5400 6.15 cross cut test", examine adhesion, and in the case 
of the former valuation method, Among the 100 squares, if the adhesion of the a squares is 
good, the adhesion will be expressed as "a/100", and, in the case of the latter valuation 
method, will be evaluated in time when adhesion maintained 100/100. In the case of the 
latter valuation method, the sample for evaluation of adhesion is prepared separately from 
the sample for corrosion-resistant evaluation, and evaluation is closed about what was 
examined once at the time. 
[0049] 

[Example]Hereafter, the concrete example of this invention is described. 
[0050](Example 1) Purity used as the raw material Co, Cu, Nd, and Pr which are 99.9% of 
the weight or more of electrolytic iron, a ferroboron alloy of 20 % of the weight B, and 
99.7% of purity, after blending these and carrying out the high frequency dissolution, it cast 
using the water-cooled copper mold, and the ingot of presentation No.A of Table 1, B, and 
C was produced. 

[0051]After carrying out coarse grinding of each ingot with a stamp mill independently, it 
was pulverized with the ball mill, and the impalpable powder whose mean particle diameter 
is 5 micrometers was obtained. Insert this impalpable powder in a metallic mold 
independently the whole presentation, and orientation was carried out all over the magnetic 
field of 15kOe, and it fabricated by the pressure of 1.5 ton/cm2. The acquired Plastic solid 
was sintered at 1060 ** in Ar atmosphere for 1 hour, it cooled radiationally after that, and 
the rare earth sintered magnet of three kinds of presentations was produced by performing 
aging treatment at 600 ** in Ar atmosphere further for 2 hours. 

[0052]Purity uses as a raw material Cu, Ag, and Pr which are 99.9% of the weight or more 
of electrolytic iron, a ferroboron alloy of 20 % of the weight B, and 99.7% of purity, These 
were blended, and it dissolved in Ar atmosphere with the high frequency fusion furnace, 
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and cast to the water-cooled copper mold after that, and the ingot of presentation No.D of 
Table 1 , E, and F was produced. 

[0053]This ingot was cut respectively, it enclosed with iron capsules, hot-rolling of 76% of 
the bottom rate of total pressure was performed at 950 **, heat treatment of +500 **(1025 ** 
x 20 hours) x 6 hours was performed after that, and the rare earth hot-rolling magnet of 
three kinds of presentations was produced. 

[0054]Then, the particle size of the edged tool used the peripheral cutting edge of #120, 
and cut three kinds of rare earth sintered magnets, and three kinds of rare earth hot-rolling 
magnets to 20x20x5 mm. a part for the part excluding the damaged layer about each 
magnet - when it was when and the component analysis was conducted, it was almost the 
same as the presentation of an ingot. 

[0055]After degreasing six kinds of this magnet with acetone, in the mixed liquor of nitric 
acid 40 ml/I and acetic acid 80 ml/I, It etches by changing etching time, and after that, in the 
solution of 40 g/l of sodium hydroxide, with the ultrasonic wave, the oxide (smut) made by 
etching was removed and was dried after rinsing. EPMA analyzed the amount of R of the 
magnet surface layer. The measuring condition was made into ten per accelerating 
voltage: 10kV, diametenphiof probe50micrometer, and point-of-measurement:1 sample. 
Hereafter, by analysis by EPMA, it was considered as this condition about all the examples. 
Then, 20 micrometers of epoxy system resin was sprayed, and the samples 1-30 were 
produced. 

[0056]After doing a corrosion test for the samples 1-30 under the atmosphere of 80 ** and 
90%RH for 2000 hours, the appearance situation of the resin layer was observed. 
[0057]The amount measured value of R of the magnet surface layer analyzed by EPMA, 
the value of X defined by the lower type, and the appearance situation after a corrosion test 
are shown in Table 2. 
[0058] 

fiBSSWSoDRS <M=?%) -11.8 
x= 

imj:&m®zm>iti&ft<DR» ast^%> -ii.8 



[0059] 
Fable 1] 



MNo, 




A 


Ndis Fe?a Bt 


B 


Ndi4 Dyi.s Fe 7 6.s Ba 


C 


Ndis Fe W - s Co& B» Cuo.s 


D 


P r is F e 7a. 2 B & Cuo.a 


E 


Pris Ndi.s Fe?7.» B&.z Ako.s 


F 


P r 17 Fe?7.3 B&.z Cuo.s 



[0060] 



http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww... 5/30/2008 



JP,09-270310,A [DETAILED DESCRIPTION] 



Page 11 of 14 



[Table 2] 
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[0061]From Table 2, it is not concerned with the presentation of a magnetic manufacturing 
method and a magnet, but the value of X follows on decreasing, corrosion resistance 
improves, and especially, when the value of X is less than one, the high corrosion 
resistance which is 80 **, 90%RH, and a grade that there is no change in a resin layer after 
2000 hours, or bulging produces slightly is acquired. 

[0062](Example 2) In order to investigate the value of X, and a corrosion-resistant relation 
in detail, the hot-rolling magnet (presentation No.F) produced in Example 1 is used, The 
damaged layer was removed (etching, buffing, buffing, and etching should put together), 
the sample which has a value of X shown in Table 3 was produced, the electropainting and 
nickel plating of the epoxy resin were performed in these samples, and the samples 31-48 
were produced in them. Etching makes it change, perform it like Example 1, and etching 
time buffing, Dry type performed with the revolving speed of 2500 rpm using LD wheel 6 S- 
F (made by Sumitomo 3M), and after carrying out buffing of the combination of buffing and 
etching like the above, it performed etching for 60 seconds using the same etching reagent 
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as Example 1. 

[0063]After the value of X conducted the component analysis by EPMA like Example 1, it 
was calculated by the same calculation as Example 1 . 

[0064]Electron HB-2000 (made by Kansai Paint) of the epoxy system was used for 
electropainting as a paint, it used solvent degreasing and the dried sample as the negative 
pole by trichlene beforehand, used the SUS316 material board as the anode, and made it 
20-micrometer thickness in electrodeposited temperature [ of 28 ** ], voltage 150V, and 
time 3 minutes. 

[0065]Nickel plating performs a sample in trichlene and performs alkaline degreasing for 3 
minutes at 60 ** in a 40-g/l NaOH aqueous solution after solvent degreasing for 3 minutes, 
Pickling for 30 seconds was carried out at the room temperature HN03 of 40 ml/I, and 
plating thickness was 20 micrometers by the Watts bath of nickel plating after that on with 
current density 4A/dm2 and a degree of bath temperature of 60 ** conditions. 
[0066]The corrosion test and the adherence test were done under the atmosphere of 80 ** 
and 90%RH for these samples. Corrosion resistance was evaluated in time which 
maintained the state by having used as the excellent article the state where there was no 
change of bulging of a resin layer, rusting, etc., and the sample was observed till 2000 
hours for the 200 whole hours for the 100 whole hours after 2000 hour. Adhesion was 
evaluated in time when a deed and adhesion maintained 100/100 by the cross cut test the 
same whole time as corrosion-resistant evaluation. 



[0067]A result is shown in Table 3 and drawing 3. 



[0068] 
[Table 
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[0069]lt turns out that corrosion resistance and adhesion improve with reduction of the 
value of X, and corrosion resistance and adhesion of the value of X are improving rapidly 
bordering on 1 especially from Table 3 and drawing 3. And when the value of X is less than 
one, even if a protective film is a resin layer and it is a plating film, the corrosion resistance 
of 1000 hours or more is acquired on condition of 80 ** and 90%RH. Since the corrosion 
resistance demanded with OA equipment etc. is several 100 hours - about 1000 hours, 
when the value of X is less than one, it can satisfy these military requirements. Corrosion 
resistance of X improves with reduction of X to 0.6, and if X becomes 0.6 or less, corrosion 
resistance will be saturated mostly. Adhesion is the same as that of corrosion resistance 
almost, and the good value is obtained when the value of X is less than one. Therefore, the 
desirable range of X is 0<=X<1. 
The more desirable range is 0<=X<=0.6. 

[0070]Removal of a damaged layer may be performed by any method of the combination 
chemical polishes (etching etc.), mechanical polishes (buffing etc.), chemical polish, and 
mechanical polish. 

[0071 ]ln order to investigate the influence by the thickness and the kind of (Example 3), 
next protective film, The particle size of an edged tool uses the peripheral cutting edge of 
#120 for the sintered magnet (presentation No.C) produced in Example 1 , Cut to 20x20x5 
mm, and the component analysis of a magnet surface layer is conducted after [ EPMA ] 
washing with acetone, After degreasing in the solution of 40 g/l of sodium hydroxide heated 
at 60 ** after that, the electropainting and nickel plating of various resin were performed, the 
samples 49-66 were produced, and the corrosion test of these samples was done under the 
atmosphere of 80 ** and 90%RH. 

[0072]Electropainting and nickel plating were performed by the same method as Example 
2, as shown in Table 4, a paint and thickness were changed in electropainting, and 
thickness was changed in nickel plating. 

[0073]The kind of protective film, and its thickness and corrosion resistance are shown in 
Table 4. The thickness of an epoxy resin and nickel plating and a corrosion-resistant 
relation are shown in drawing 4 . 
[0074] 
[Table 4] 
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[0075]Corrosion resistance improves as the high corrosion resistance of 1000 hours or 
more is acquired by 80 ** and 90%RH and thickness increases a resin layer and a plating 
film from Table 4 and drawing 4 with a resin layer, when thickness is not less than 5 
micrometers, and thickness is 1 micrometers or more in a plating film, but. Corrosion 
resistance will be saturated if 80 micrometers is exceeded. Therefore, as for the thickness 
of a protective film, in a resin layer, 5-80 micrometers is preferred, and its 1-80 micrometers 
are preferred in a plating film. The corrosion resistance excellent in any resin is acquired. 
[0076] 

[Effect of the lnvention]By removing the damaged layer produced when machining a rare 
earth permanent magnet with chemical polish, mechanical polishes, and those 
combination, The grain boundary phase which is easy to corrode is removed from the 
magnetic surface, and the rare earth permanent magnet which has the corrosion resistance 
whose value of X which this invention defined is high when it is in the range of 0<=X<=0.6 
more preferably, 0<=X<1 and is obtained. The rare earth permanent magnet which is 
extremely excellent in corrosion resistance and adhesion is obtained by forming a 
protective film in the magnet which made the value of X the above-mentioned value 
especially. If a damaged layer is removed by chemical polish, since extensive processing is 
possible, cost is cheap, and since the resin layer and nickel-plating film which are generally 
performed can be used, a protective film will become possible [ providing cheaply the rare 
earth permanent magnet which is excellent in corrosion resistance and adhesion ]. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 



(a ) 



3 A 
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[Drawing 2] 
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